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‘1’bis paprr presents  Ibe  rcsul[s of simula(im cxpcrimnts that

s u c c e s s f u l l y  clcmonstralc  IN Cmchannrl voice sqmrdion via

cross coupled phase Iockd loops (03’1 J .). Unlike previous

W}’1.l sludics wh i ch  a r c  t yp i ca l l y  rcslric[cd 10 the si(ua(ioll

uhcrc the FTVl modulation wavcfoms arc slcady  s[a(c sinuwidal,

(riangular, e(c.,  wc  klavc cmpiricall y dclci It]irml CCJ>l .1, l o o p

paramdcrs that proviclc for s(ablc  separation of c(,-channel I’M

signals with comparahlc bandwid(h ( 100% spectral o~ulap) and

comparahlc mod indices. ‘l’he resulting CCI’1.1,  paramckm dift’cr

SO IULNM f rom ex i s t i ng  CC I’1.1, dcsigo inks;  twvcver, t h e

dillmmces can y i e l d  ii sigrlilicant improvmn( irl (’(’1’1 J .

pcrlmmance,

1 . IN”l’I<O1)[JC’1’l{)N

Unlike p r e v i o u s  wmk cm cross  c o u p l e d  phaw lochcd Itmps

(NT1.1) [ I ][2][3], Ibis papct focuses exclus ive ly  ml (hc c(l-

channcl FM voice Squlr-a(i(m  pmblcm.  ‘1’hc CI’l}t J, inc(wpordlcs

two phase locked  loops. One  locks 01)  (o the s(r(mgcr signal an(l
lhc olhct 10 the wcatar.  CI”OSS  coLlpling a[ (I1C illpLl[s and (111[1111(S

()[  (I1C l o o p s , allou suhtfdciiorl {Jf (IIC stl{)ngcl Ilt)lll tllc
compmitc input siglad 10 pmvidc an cslimatc  o f  (I1C wcdkcr
sigl]al, A  s im i l a r  sub t rac t i on  of lhc loop w e a k  signal  OU(INIL

provides a  strong signal cstimalc, ‘1’hc ncl  ct’lcct  of this moss

f e e d b a c k  action is to enable joir]t dmmlLllati(m of the sLIong

and wak inpul signals.

‘1’hc ky to successful CKI’I J. opcralion is the cstimo[ion ot’ lbc

s[rmg and W’cak signal ampli(Lldcs.  O r i g i n a l  CCI)l 1,

archilcclum  [2]  incmporalcd arnpliludc fccdtmk control loops

Icading 10 a  s[ructurc dclincd d y n a m i c a l l y  b y  six  cmplcd,

nonlir~car  dift’mntial equations. As such tbc  behavior  of  tbcsc
architectures could only tw aw’sscd via sim Llla(i(m ckpcril]wnts.
1.akv  mrk pmcnlecl i n  [4] showd how (o simp]i Iy Ihc

dynamics thereby improving WI’1 .1. (racking pcrlw mancc.  lo
par~iculal-,  lhc d ig i ta l  fccdforvwd ctiflcwme ampliludc If acking

topology dcvclopcd in [4] and illustrald in I;iguw I provides for

cflcc[ive sigd scparat  ion eww umlct high]y rrvct l apped  signal

ccmditirms.  I’hc oLltpLlts  fr”om the two phase locked loops (1)1 1.1

and 1’1 J .2) arc used to re-modulalc lhc dift’crwcc signals and

thus the wul[ing anlplitudc cstima(cs  (outpuls from lhe Iowyaw

I’il[cvs)  ate  usuatly c]cancr t h a n  lhosc gcncrdd b y  t h e  motL’

‘1’hc  rcwirch  dcicritwl ill this papc! was cal I id out  by (IIC  Jc(
Ptopul.im I ahoratoty, Ca l i fo rn ia  Ir)sti(u(c of I’cchoology,” un(lct a
LWI)II; ICI ~vi(h the National Acmnau tics and Spaw A(lrl)it)isl[ittioil

st:tl]dard  [’C’t’1  ,1. at Lhileclurcs [ I ] [ 2 ] .  IJLllthclil}(Jlc  as sholvn  in

1~], (hC diftklCllCC  :lllll~litUdC  StlLIC(Lll  C IC’CiUL’CS  (tlC  Ct’t’CC[S  0(

NIong  s ignal  “le:lk-ltlrc)L]gll” w h i c h  mn  scwrcly (lcgIadc (bc

wcdk  signal  amplitude Nima[c.

lJifyre  1. I)ilt’crcncc ampli[mlc WI’I J. lopcrlo:y.

III Ibis papm, wc prwmt  the rcsLllts  of computc[ s i m u l a t i o n
ckpo  imcn(~  th:d  clcaIly  d e m o n s t r a t e  IIIC l;hl voice sqmrdion
caphililics ol’ lhc dil’tkrcmcc  a m p l i t u d e  m’lli(cc(urc.  I’hc  signal
m(dcl  is first dcscritwl in Scc(ion  2 ald lhc pert ’ormaucc rcsul[s

arc (hc II sLlnlnulri /cd  ill Sccli(m  3.

2. SIGNA1. N401)ICI,

(II signal  at (im 111~ , rcspcclivcly,  \vhm Y’, is IIIC s a m p l i n g

~)cI i(d, and W1lL’K N ( n )  is a cotllplcx  n(,isc ,JI(JCC.SS. ‘1’t)c

:lllll)lit  LldC’  is awLlmcd  10 vary much  slower than  the phawi which

is fur~bcr  dccomposd as

f’(L’qLmcy  in rtttli;ir)s/sL’corlcl,  ~,  is arl inilial phaw ol’td i n



mliams, Jli i s  t he  fI-CqUeIICy dcvia(ion in rticli:tlls/sccot)  cl, aad

}?/, (1) is lhc m e s s a g e  wavchm 1 [m Wc assllmc  lhal Ihc

nmsagc waveforms are normalid Sach that

] < ~}~1  ~ (f) < ] fc~r all 1> (). Nolc ttm[  utili~a[ioa 0 1  t h e

c o m p l e x  baseband  rcprwmlalirm mccssilalcs the cxbmsioa of

lhc diflmwcc ampl i tude struc(urc  (l;igLlrc 1 ) to complex form,

which is s(raightlorward  [4].

3. . S1 M UI.ATED  PIIRIK)RMANC1l

‘1’hc CTY’1 J, pcrformaacc depends on holh Ihc  phase locked loop

pararnc[m, (1’1 J, 1 and  Pl J .2) as wel l  as the Iowpaw f i l ler

bmdwidlhs used 10 g,ctwratc  the 21111 pli(LKk  cstimalcs (Iiigarc l).

Irl our s t u d i e s ,  1’1.1.1 and  1’1,1.2 a r c  sccoacl-otder  and a[c

paramckrimi  by [hc loop and integral gains  (ia 117). Initiolly, we

chose  these  parameters based  cm the  design ralcs proposed in [2]

● Slt-ong-sigd trackiag loop (s):

J,00)) ,gai}r a
J “-”-----”’-

= S(k-- /  27r)w
s s .Y

● Weak-signal tracking loop (w’):

A ,

where  W, ,,, dcao[c the modulation Ixrtdwidths of the strong  and

~veak si~aals.

Al~hm@~  t h e  a b o v e  design  ralcs pmvidc rmwmahlc i n i t i a l
cs{imfllcs for  the 03’1 J, loop paramctm, we have disco vet-cd

that  they do rm[ necessarily r-csLllt ir] sLlcccsslLll  signal scparatior].

We have also  10LIad that since the signal amplihdes arc wwying

much  more slowly thaa  the phases (signal amplitudes arc actu:(lly

he ld  cons tan t  i n  oL r r  simLllaliorl e x p e r i m e n t s ) ,  thca t h e

tmdwidlhs of the ampl i tude cstiruatioa Imvpms If Itcrs  can be

rulrrmvcd  (o the extent that  KP1.1. acq Llisitiorl pcrlbrrnance is

ml compromised.  In the following, the ]owfpaw  tillers designs

arc scconcl-cmlcr  d i g i t a l  llat~crworth, e a c h  w i t h  3(K) t 1~

bnndwiclth. Also, [hc samp l i ng  r - a te ,  (  T’, ) ‘ =- I 32.3 k}/ z ,

was much greater than  Nyq L]ist for’ the inpLll  signals ( t 2 times

ovcrsamplccl).  This zicccll~~lll(~cl:ltcs bandw id th  cxpmsion dac  to

t h e  wtrioLrs  nrstl-lincarities in (he system.  Sampliag signilicanlly

slower than this can procl Licc unstable behavior.

‘l’he pcrl’cmnancc  rcsLllts  arc s t a ted  in term oJ’ lhc mean  sqL!arcd

c1 w (h IS I i )  between  the  trLlc s a m p l e d  nwsagc s i g n a l
.

Jll, (Jl~~ ) and  i[s  csti!natc 112, (Jl~~  ) , rmrmalifcd by the trac

message signal pmwr

I II arriving at a sui table set  01 tX’1’1,1.  paramctcw, Ivc sclcc[  an

arhi([<wy  scgnwt of inpat data ( typical ly  3 sccondi in dara[  ion)

w+ich is rcpmtcdly p r o c e s s e d tvith dil’t’crcrlt W1’1.1, l o o p
pur<anctcrs.  “1’hc  best set 0[ paranlclct> arc c h o s e n  bawd on the

above  mrmali/cd hlSII m e t r i c s  for both the strong and w e a k

sig,tlal  nlt)dulation w’:ivct’orlm ( J}/, atld  }J/,i  ). A s  :11) Ckall@C  ot’

(IIC select ion pmcm, w e  comsidct  h e r e  the tollowir]g signal

I)al dmctcrs

L,, = k,, = 27C. 12000; a), =- (0,, == 0;

A,, / A,, = 2; N(J))  = (),

and the voice rnoclalalioa wavclimtv ww arllilrwy t O second
SOUMI bilcs, e a c h  w i t h  a  4  kll/ mrdulatiml hd; vidth

(col-tcsllclrlclirlg  10 a mod  index 0] 3). ‘1’his is a particular Nrcssing

example since the signals arc I OOCZ siwc(  rally owrloppcd. Llsing

the above  design  rules (Irt)nl 12]),  \vc would choow [hc  lollowiag,

[’C’I’1  .1, l(wp pat-amctcrs

● Strl)tlg-sigllill lrackiug loop:

{’”-””

.

[.oop gaitl a =  5(k,Y  / 27r)}\’ =. 1 5  !iIl:
.Y ,?

● \\lL.ak.sigtlzll trachillg l(X)p:

I Iowvcr, oat optimi/atioa Mady  rmwalcd a  much  more  slablc
solu( ion” with thC follow,iug  [)illil  IllCt  Cl >

● Weak-signal traching loop:

l,oop ,g(iit) U = 30 kllz
It’

‘1’hu~, the dc~iga  rLIlcs in th is cxa II@c urdckxtinmte the stron:

loop p:lrdmckrs  but ovcwstima(c the weak  loop gain pm.lmctcl.

( Ising the above  opt  inlilcd parameters,  we find the aadio qual  ily
(II the rcsaf[ing ~’(’1)1 ,i, dcmodui:ttc’d  oulpuls 1~~ he in te l l ig ib le

and t’ur-lhcrmore  the oatputs m stahlc  t’m ho[h wiccd a n d  IIn -
voiccd scgfncnti; althougl) it) t h e  Iattcl.  caic some  a(ldio [eakagc

inlo t h e  wCak aadio ou[pat chanld is discwlihle during weak.

sigl]:ll, an-voiced Scgn] cats.

4. S[JMMARY

IJsing Ihc  dilt’c[-cacc  ampliludc (’(<[’1  .1. s t ructure der ived in 14],

we h a v e  been ahlc  to sacccsslully scparCUc I;AI vuiec s i g n a l s .

l[mvck’cr in doiag so, we have found tha[  exist ing design  ru{cs

dcvclopccl  in I 2] are not  adequate (m determining stable W’1’l.1.

l o o p  pardmctm. In conlr<ist. loop paramctm dci  iwxl Ir(>rll

numerical Op(imi/Miorl rcsalt in much  nmt-e stable pet-lormance.
11



l;or givm sigual ftcqucncy dcvialicms, a m p l i t u d e  I-a!ios and

modula(im Ixmdw’idlils, wc  have foLlnd  lha~ ~~f’I 1. pcrform:lncc

i s  rmaktbl y  s t a b l e  using [hC opti mi?cd ~~pl J. h)
parwnctcrs, r e g a r d l e s s  of the spccihc wicc w:lvcfhl-ms.  ‘1’his

wggcsts t ha t  wc  can d e r i v e  rohus[  CWf’1 J, l oop  paramclm
which depend only on the sign:il mod  indices ;is well as the ratio
of S[l-ong-twwmk signal  amplitudes. I’his is an ituportzrlt wed  f{w

furlhcr invcsligzition.
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